In humans, expansion of circulating V␥9V␦2 T cells seems to be a pathophysiological denominator shared by protozoan and intracellular bacterial diseases. The assumption was tested here on legionellosis, a condition conforming to the category but not yet described with respect to ␥␦ T cells. Levels of V␥9V␦2 T cells in peripheral blood were measured at various intervals in 14 subjects undergoing a Pontiac fever-like disease, shown by serological investigation to be caused by Legionella micdadei. In samples obtained 4 to 6 days after the onset of the disease, the mean percentage (؎ the standard deviation) of V␥9V␦2 ؉ T cells among CD3 ؉ cells was 1.0% ؎ 0.5%, compared to 5.0% ؎ 3.9% in healthy control subjects (P < 0.001). Thereafter, a pronounced increase occurred and at 2 to 7 weeks after onset, mean peak levels were as high as Ϸ15%. During the next 6 months, values slowly declined, although without reaching the normal range. Percentages of ␥␦ ؉ T cells expressing tumor necrosis factor alpha or gamma interferon in response to phorbol myristate acetate were assayed in vitro. At 14 to 16 days after the onset of disease, the expression of both cytokines was increased (P < 0.01), whereas at 5 to 7 weeks, the expression of tumor necrosis factor alpha was decreased (P < 0.05), possibly reflecting modulation of an inflammatory response. In conclusion, Pontiac fever was found to be associated with a pronounced and long-lasting expansion of V␥9V␦2 T cells, implying that the subset may also be pathophysiologically important in a mild and transient form of intracellular bacterial diseases. Surprisingly, the expansion was preceded by a depletion of circulatory V␥9V␦2 T cells. Possibly, V␥9V␦2 T cells are initially recruited to a site of infection before they expand in response to antigen and occur in high numbers in blood.
Legionella is a genus of gram-negative bacteria and the cause of two different clinical entities. One of them is Legionnaires' disease, a severe pneumonic disease associated with a relatively low attack rate, a long incubation period, and a significant mortality rate (8, 9, 39) . Pontiac fever, the other entity, is an acute, influenza-like disease with a brief incubation period, a high attack rate, and a self-limiting course (12, 16) . Although both cause a high fever, the difference in clinical expression between the two forms of legionellosis is striking. Due to the transient nature of Pontiac fever, it has even been questioned whether this entity is indeed associated with invasive infection and not a host response to dead bacteria, bacterial toxins, or other bacterial products present in an inhaled aerosol (23, 29) . In LegionnairesЈ disease, as well as Pontiac fever, Legionella pneumophila has been the species most frequently identified. In two reported outbreaks of whirlpool-associated Pontiac fever, however, L. micdadei was implicated as the causative agent (17, 27) .
Members of the genus Legionella are facultatively intracellular pathogens, and consequently, the pathogenesis of legionellosis bears similarity to that of tuberculosis, listeriosis, brucellosis, tularemia, and Q fever. The host control of all of these infections depends, to a large extent, on T cells. Like other facultatively intracellular pathogens, Legionella bacteria replicate in mononuclear phagocytes, thereby inducing an ␣␤ Tcell-dependent, major histocompatibility complex-restricted immune response to bacterial peptides (20) .
Besides ␣␤ T cells, 1 to 5% of circulating T cells express the ␥␦ T-cell receptor (TCR). Increased levels of ␥␦ T cells are found in the circulation of patients with protozoan (19, 33, 35) and intracellular bacterial infections, including mycobacterial disease (21) , listeriosis (22) , brucellosis (2) , tularemia (32, 37) , and Q fever (36) .
Unlike that of ␣␤ T cells, the role of ␥␦ T cells in hostparasite interactions is poorly understood. In humans, a sentinel role is ascribed to ␥␦ T cells, i.e., a major histocompatibility complex-independent recognition of broadly crossreactive antigens (6) . Cells of one single subset of ␥␦ T cells, V␥9V␦2 T cells, account for the increased levels in protozoan and intracellular bacterial diseases. These cells recognize phosphorylated metabolic intermediates, so-called phosphoantigens, which are produced by the causative agents (5, 30, 32, 38) .
Like ␣␤ T cells, ␥␦ T cells are endowed with the ability to produce cytokines. In response to microbial antigens, V␥9V␦2 T cells produce large amounts of tumor necrosis factor alpha (TNF-␣) (25) and gamma interferon (IFN-␥) (11, 14) . Although this would indicate a role primarily in the acute phase of disease, they are also believed to be involved in a later down regulation of the inflammatory response of macrophages in bacterial and viral infections (4) . A majority of V␥9V␦2 T cells express CD94, a member of the type C lectin family of killer inhibitory receptor molecules. Signaling through CD94 interferes with the activation of V␥9V␦2 T cells, suggesting a role of the surface receptor in the control of V␥9V␦2 T-cell reactivity (31) .
The ␥␦ T-cell response seems not to have been studied in legionellosis. When faced with an outbreak of Pontiac feverlike disease, we analyzed levels of V␥9V␦2 T cells in blood. We investigated whether such a transient and mild condition caused by a facultatively intracellular bacterium would indeed induce a V␥9V␦2 T-cell response similar to what had been previously described in more invasive and severe intracellular infections. In the outbreak, comprising 14 cases of Pontiac fever-like disease with a short and well-defined incubation period, we observed an initial decline in V␥9V␦2 T cells in peripheral blood, followed by a dramatic increase and a slow decline over several months, suggesting a dynamic redistribution and expansion of the subset.
MATERIALS AND METHODS
Subjects. Fourteen patients (six men, eight women; 22 to 57 [median, 46] years old) were included in the study. After spending a weekend at a hotel and visiting a whirlpool facility at the establishment on 16 to 17 April 1999, all patients developed symptoms of disease on 17 to 19 April and were admitted to our hospital on 19 to 22 April. Six patients were hospitalized for a median period of 3 (range, 2 to 4) days, and the others were managed as outpatients. After 14 to 16 days, the patients received a questionnaire to retrospectively determine the duration of the fever, confinement to bed, and symptoms experienced during the illness. Informed consent was obtained from all patients by using a protocol approved by the Committee on Research Ethics at the Medical Faculty, Umeå University, Umeå, Sweden.
A retrospective cohort study suggested that the whirlpool was the source of the outbreak (18) .
Two groups of healthy control individuals were included. For measurement of ␥␦ and V␥9V␦2 T-cell counts, values from 12 male and 14 female adults (mean age, 39.7 years) were available at the laboratory. These values were quite similar to those previously reported from a previous investigation of a Swedish normal adult population (10) . For assay of cytokine production ex vivo, samples from six male and four female adults (mean age, 34.3 years) were obtained concomitantly with patient samples.
Blood chemistry. Blood neutrophil and platelet counts were determined by standard Coulter counter technique on a Sysmex SE-9000 instrument (Toa Medical Electronics Co., Kobe, Japan), and serum C-reactive protein levels were measured with a dry-chemistry enzymatic sandwich immunoassay technique on an Ectachem Instrument (Johnson & Johnson Clinical Diagnostics Inc., Rochester, N.Y.).
Microbiology. By using heat-killed L. pneumophila serogroups 1 to 8, L. bozemanii, L. micdadei, and L. longbeachae serogroups 1 and 2 as antigens, an immunofluorescent immunoglobulin G (IgG) antibody test was performed at the Swedish Institute for Infectious Disease Control, Stockholm, Sweden, as previously described (7) . From each patient, serum samples were obtained 2 to 4 days after onset of disease, at days 14 to 16, and at 5 to 6 weeks after onset. In the first sample, all 14 patients showed a titer of serum antibodies to all legionella antigens of Ͻ32. In the second or third sample, all 14 patients showed a Ն4-fold increase in the titer of serum antibodies specific to L. micdadei, in three cases to a titer of 64, in six cases to 128, and in the remaining five cases to 256. The titers of all samples toward the remaining 11 legionella antigens were Ͻ32 up to 6 weeks after the onset of disease.
In 7 of 14 cases, nasopharyngeal aspirates or swabs that were obtained upon admission to the hospital for culture on selective legionella BCYE and BMP agar (6a) were consistent with no growth. Bacterial culture of blood samples obtained from five patients with febrile disease showed no growth. From each of the 14 patients, two to five urine samples were obtained for assay of L. pneumophila soluble antigen (Biotest AG, Dreieich, Germany), and all were negative. Complement fixation tests of paired serum samples from each of 14 patients showed no antibody response to influenza virus A or B, parainfluenza virus 3, adenovirus, Mycoplasma sp., or Chlamydia psittaci. Enzyme-linked immunosorbent assays of paired samples from 11 patients showed no evidence of hantavirus infection.
MAbs. Monoclonal antibodies (MAbs) to the ␣␤ TCR (clone WT31, fluorescein isothiocyanate [FITC] conjugated) and the ␥␦ TCR (11F2, FITC and phycoerythrin [PE] conjugated) were purchased from Becton Dickinson, Sunnyvale, Calif. Antibodies to the ␣␤ TCR (BMA 031, FITC conjugated) and the ␥␦ TCR (5.A6.E9, PE conjugated) were also obtained from Serotec, Oxford, United Kingdom. From this source, CD3 (UCH-T1, PE conjugated), TCR-V␥2 (7A5, FITC conjugated), and TCR-V␦2 (15D, PE conjugated) antibodies were purchased as well. Antibodies to human IFN-␥ (4S.B3, PE conjugated), TNF-␣ (MAb11, PE conjugated), and CD94 (cloneHP-3D9, FITC conjugated) and a mouse IgG1 PE-conjugated isotype control were obtained from Pharmingen, San Diego, Calif. Antibodies to interleukin-4 (clone 8604B312) and a mouse IgG2 isotype control came from Biosource, Fleurus, Belgium. TCR V␥9 (B3, FITC conjugated) and TCR V␦2 (B6, PE conjugated) antibodies were purchased from Pharmingen. Antibodies to CD94 (cloneHP-3D9, FITC conjugated), reacting with the 70-kDa dimer Kp43, were also from Pharmingen.
Flow cytometry analysis of lymphocyte subsets. Surface phenotyping of cells of EDTA-treated blood was performed with conjugated MAbs. Aliquots (50 l) of blood were incubated with 10 l of normal mouse serum at a dilution of 1:500 (DAKO, Glostrup, Denmark) for 15 min at room temperature, and 5 l of appropriate MAbs was added, followed by incubation for 25 min at room temperature. Two milliliters of FACS lysing solution (Becton Dickinson) containing 1% paraformaldehyde was then added to each tube. After 10 min of incubation, cells were washed twice with Cell-Wash solution (Becton Dickinson), resuspended in 500 l of FACS-flow solution (Becton Dickinson), and stored at 4°C before analysis.
With a FACSort instrument (Becton Dickinson), 10,000 events per sample were recorded. The data were collected and analyzed by use of CellQuest software (Becton Dickinson). Lymphocytes were gated according to their morphologic parameters by means of forward scatter and side scatter analysis or by expression of CD3. Results were expressed as the percentage of CD3 cells stained by a given label.
Analysis of cytokine expression by T cells. For enumeration of cytokineproducing cells, a 100-l blood sample was diluted with 400 l of RPMI 1640 medium. Cells were stimulated with 1 ng of phorbol myristate acetate (Sigma, Madison, Wis.) per ml and 1 M ionomycin (Sigma). Extracellular cytokine transport was blocked by addition of 3 M monensin (Sigma), and cells were incubated for 4 h at 37°C. This time period was found to be optimal when the technique was standardized for demonstration of TNF-␣ and IFN-␥ expression (28) . After stimulation, cells were washed once and stained with conjugated anti-CD3 antibody and anti-TCR ␣␤ or anti-TCR ␥␦ antibody for 15 min on ice. 
RESULTS
Clinical data. All patients presented with fever (maximum, 39.4 to 40.5°C; mean, 39.9°C; n ϭ 14) and influenza-like symptoms. Vital functions were never affected. In three cases, auscultation disclosed discrete pulmonary rales. By radiography, discrete pulmonary infiltrates were found in two of these patients and in a third patient. In one further patient, a small amount of pleural fluid occurred. At follow-up, all chest radiographs were normalized. Macrolides were prescribed for 5 to 10 days in 12 patients, whereas two patients received no antibiotics. The two latter patients did not deviate from the others regarding blood chemistry or ␥␦ and V␥9V␦2 T-cell values. According to the patient-completed questionnaire, the most frequent symptoms were myalgia (14) , headache (13), arthralgia (12), dizziness (12), fatigue (11), breathing discomfort (7), nausea, vomiting or diarrhea (5), cough (4), and disturbance of short-term memory (3). Defervescence occurred after a median period of 4 days (range, 2 to 7 days; n ϭ 14), and the patients were bedridden for a medium of 5 days (range, 2 to 8 days).
Inflammatory parameters.
On admission to the hospital, i.e., 1 to 2 days after the onset of disease, neutrophil counts and levels of C-reactive protein were markedly elevated, compared to normal laboratory values of healthy adults (Fig. 1) . Within a few days, both reactants normalized and they remained normal throughout the study period. Relative thrombocytosis was demonstrated later in the course (Fig. 1) .
Proportions of ␥␦ TCR-expressing T cells at various intervals after onset of disease. From days 4 to 6 to days 14 to 16 after onset of disease, a rise in the proportion of ␥␦ T cells was generally observed (Fig. 2) . Thereafter, the proportion declined gradually over a 6-month-period. The magnitude of the ␥␦ T-cell expansion varied considerably among individuals. This variation was not the result of a day-to-day variation inherent in the assay, because differences among individuals were retained from one sample to another (Fig. 2) . Results were similar when expressed as the absolute numbers of ␥␦ T cells per microliter of blood (data not shown), indicating that the percentage of ␥␦ T cells increased because of expansion and not as a result of a concomitant decrease in the number of ␣␤ T cells.
When V␥9V␦2 T cells were analyzed separately, these cells were found to account for the changes in ␥␦ T-cell percentages ( Table 1) . Irrespective of the interval, ␥␦ T cells other than V␥9V␦2 T cells remained stationary at Ϸ2% of the total number of CD3 ϩ cells. An unexpected finding was a marked decrease in V␥9V␦2 T cells early after onset. In the first sample, obtained 4 to 6 days after onset, the mean percentage was as low as 1.0% Ϯ 0.5% (Table 1 ) and significantly (P Ͻ 0.001) lower than in control subjects (5.0% Ϯ 3.9%). Thus, an initial reduction and a subsequent dramatic, long-lasting increase in V␥9V␦2 T cells were observed in the peripheral blood of legionellosis patients. At 6 months, values were still significantly (P ϭ 0.001) higher than those of the control group (Table 1) .
The majority of circulating V␥9V␦2 T cells express the inhibitory CD94/NKG2-A receptor for HLA class I molecules. VOL. 8, 2001 V␥9V␦2 T CELLS IN LEGIONELLOSISsignificantly (P ϭ 0.01) from days 4 to 6 to the interval of 5 to 7 weeks after onset and normalized at 6 months (Fig. 3) . Cytokine expression of ␥␦ T cells. At intervals after the onset of disease, cytokine expression by ␥␦ T cells in response to short-term stimulation with phorbol myristate acetate and ionomycin was measured in various numbers of patients. On days 14 to 16, the proportions of cells expressing TNF-␣ and/or IFN-␥ were high (Fig. 4) . At 5 to 7 weeks, a decrease in cytokine-expressing cells occurred and at this interval, the percentage of TNF-␣-expressing cells was significantly (P ϭ 0.02) lower than the values of control subjects. In samples obtained at 6 months, the percentages of cells expressing the cytokines were restored (Fig. 4) . Irrespective of the time of sampling, only a few percent of the cells expressed interleukin-4 (data not shown).
DISCUSSION
The present outbreak was characterized by a brief incubation period (24 to 48 h) and a transient, influenza-like disease. Neutrophil counts and levels of C-reactive protein increased rapidly and were also quickly normalized. Although pulmonary changes were occasionally found by radiography, they were discrete and symptoms conformed better to Pontiac fever than to LegionnairesЈ disease. As in two previous outbreaks of whirlpool-associated Pontiac fever in Scotland and Denmark (17, 27) , L. micdadei was implicated as the causative agent. In spite of our failure to isolate the causative agent, the consistency of the serological findings on the patient material, together with a uniform clinical expression well in accordance with Pontiac disease, makes the etiology highly likely. It should be added that the specificity of the immunofluorescence test is extremely high (39) . Similar to the present experience, attempts to isolate L. micdadei from patients also failed in the two previous outbreaks (17, 27) .
All of the changes in ␥␦ T cells recorded here refer to the V␥9V␦2 T-cell subset and show a uniform pattern among the patients. An initial decrease was followed by a rapid and prolonged increase. In blood samples obtained 4 to 6 days after onset of disease, the mean percentage of V␥9V␦2 T cells was only 20% of the values of control subjects. Except for this occasion, samples from all patients, as well as control subjects, showed a predominance of V␥9V␦2 cells among ␥9V␦ T cells. The simplest explanation for the depletion early after the onset of the disease would be an extravasal migration of the cells into the site of infection, preceding an antigen-induced expansion and reentry into the circulation. It remains to be shown whether the cells accumulate in bronchoalveolar fluid and also whether such an initial depletion of V␥9V␦2 T cells occurs in other intracellular bacterial infections. In experimental Plasmodium falciparum infection, two infected humans showed a transient decrease in V␥9V␦2 T cells in peripheral blood during the second week of infection (34) .
The pronounced and protracted increase in V␥9V␦2 T cells, in both absolute numbers and proportions of cells, was similar to that previously recorded in patients with ulceroglandular tularemia, an invasive febrile disease caused by another facultatively intracellular bacterium (24) . Such a dramatic and longstanding elevation of V␥9V␦2 T cells in two intracellular bacterial diseases, widely differing in their clinical pictures, The present results imply that Pontiac fever is due to infection rather than exposure to dead bacteria or bacterial toxins. Several pieces of evidence support this line. In guinea pigs, which are highly susceptible to L. pneumophila, aerogenic exposure to dead organisms of the species caused no signs of disease (1) . Moreover, strains of L. pneumophila causing Pontiac fever did not differ from those causing LegionnairesЈ disease (12) , and pneumonic and nonpneumonic forms of legionellosis have been described in patients with a common-source exposure (15) . Finally, urine samples from patients with Pontiac fever have shown the presence of Legionella antigen (13) .
The function of V␥9V␦2 T cells in host response to intracellular infections remains elusive. In the samples obtained here 14 to 16 days after the onset of legionellosis, a majority of the cells produced TNF-␣ and IFN-␥ after being exposed for 4 h to phorbol myristate acetate. One month later, the cytokine expression capability of the V␥9V␦2 T cells was decreased, TNF-␣ expression in particular. These data may reflect an initial cytokine response important in the activation of bactericidal macrophages, followed by down regulation or modulation of the inflammatory response. A similar change has been observed in tularemia (24) . In vitro studies suggest that ␥␦ T cells are subjected to a fine-tuned combination of stimulation and inhibition by their interaction with different membrane receptors (26, 31) . One of the receptors involved in down regulation is CD94, a type C lectin. In vitro data suggest that CD94 expression is increased on V␥9V␦2 T cells as a result of antigen stimulation (3). We found that its expression increased at 5 to 7 weeks after onset of disease, compared with 4 to 6 days after onset, i.e., concomitantly with the decrease in cytokine expression. In fact, experimental work on intracellular infections has suggested a dual role for ␥␦ T cells. After contributing to an early inflammatory response by cytokine expression and activation of macrophages, ␥␦ T cells are suggested to participate in termination of the immune response (4).
In conclusion, patients with Pontiac fever-like disease showed an early depletion of V␥9V␦2 T cells from the circulation, followed by a dramatic increase and a subsequent slow decline over the next 6 months. The capability of the cells to express IFN-␥ and TNF-␣ seemed to be down-regulated after the acute phase of the disease. These results support the assumption that V␥9V␦2 T cells are pathophysiologically important in intracellular bacterial infections, including a mild and transient condition such as Pontiac fever.
